From 2001 to 2012, arterial reconstruction was performed in 306 out of 497 limbs (62%) with critical limb ischemia. The reasons for non-vascularization include high operative risk (36%), extended necrosis or infection (20%), and technical issues (15%). Cumulative patency and limb salvage in collagen disease were significantly worse compared to arteriosclerosis obliterans. Cumulative limb salvage, amputation free survival (AFS), and major adverse limb event and perioperative death (MALE + POD) in patients with end-stage renal disease (ESRD) were significantly worse compared to patients without ESRD, but not significant with regards to graft patency. Our finding suggests that aggressive arterial reconstruction provides satisfactory long-term results in critical limb ischemia so long as case selection for revascularization is properly made. (This article is a translation of J Jpn Coll Angiol 2014; 54: 5-11.)
Keywords: arteriosclerosis obliterans, peripheral arterial disease, critical limb ischemia, arterial reconstruction necrosis, is revascularization. It, including bypass, has been routinely performed. However, recently, a nitinol stent for the superficial femoral artery became commercially available, and endovascular therapy (EVT) for CLI has been indicated for an increasing number of patients. On the other hand, the widespread use of EVT in the femoral and crural artery regions may lead to occlusion of the collateral pathway through post-EVT stent occlusion, and such lesions may extend to the peripheral area. Actually, patients with the rapid progression of ischemia after EVT have been referred to the Department of Vascular Surgery.
The incidence of arteriosclerosis obliterans (ASO), which comprises the greater portion of patients with peripheral artery disease (PAD), has recently increased. However, this is a part of systemic arteriosclerosis. In particular, recently, the number of high-risk patients, including diabetics and those on maintenance dialysis, has increased. For treatment, it is important to examine treatment invasiveness in accordance with the prognosis or grade of risk and separately select bypass from EVT or combine the two procedures. We have positively performed bypass for CLI to achieve limb salvage. In particular, the introduction of a non-dissection method 1) has improved the accuracy and safety of vascular anastomosis below the popliteal artery. In some patients, it was impossible to indicate revascularization, and, finally, amputation was selected. In others, limb salvage could not be achieved due to protracted/extended infection despite revascularization. In this study, we investigated treatment strategies for CLI and limitations by clarifying whether or not revascularization for CLI is appropriate and reviewing the results of treatment.
Introduction
The only method that markedly reduces symptoms of critical limb ischemia (CLI), such as rest pain and ulcers/ the Fontaine classification. They consisted of 285 males and 123 females, with a mean age of 68.8 years (22 to 99 years). According to the Fontaine classification, the grade was evaluated as III in 82 limbs and IV in 415. The subjects were divided into two groups: a group in which revascularization was performed, and a group in which it was not conducted. We examined whether or not revascularization is possible, compared the patient background and prognosis, and reviewed the results of surgery in the revascularization group and long-term results.
To evaluate whether or not revascularization is possible, angiography was performed before surgery, excluding patients with an unfavorable general condition, including renal dysfunction, and those requiring emergency amputation due to infection or necrotic lesions involving an extensive area. Patients with acute arterial occlusion related to the exacerbation of ASO were excluded. As a rule, as grafts for revascularization, prosthetic grafts were used when the peripheral anastomotic site was located above the knee, and autologous veins were used when it was located below the knee. Furthermore, EVT was indicated for iliac/femoral artery lesions, as a rule. Concomitant diseases before surgery were diagnosed according to the criteria prepared by Rutherford et al. 2) Treatment results within 30 days after surgery were regarded as early results, and the subsequent results as long-term results. The results were compared between the revascularization and non-revascularization groups using Student's t-test and the chi-square test. Concerning long-term results, the cumulative rate was calculated using the Kaplan-Meier method, and compared between the two groups using the log-rank test. Furthermore, freedom from the major adverse limb event + perioperative death (MALE + POD) and amputation-free survival (AFS) were established as endpoints. Cox's proportional hazard analysis of risk factors influencing them was conducted.
Results
Of the 408 patients with CLI (497 limbs), revascularization was performed in 260 (306 limbs, 62%), but not in 170 (191 limbs, 38%). The patient background is shown in Table 1 . In the revascularization group, the mean age was 68.8 years, and the male-to-female ratio was 183:77. According to the Rutherford classification, 45 limbs (15%) were classified as Category 6. Primary diseases consisted of ASO in 265 limbs, Buerger's disease (thromboangiitis obliterans, TAO) in 15, and angiitis (collagen disease) in 26. In the non-revascularization group, the mean age was 68.9 years, and the male-to-female ratio was 117:53. According to the Rutherford classification, 49 limbs (26%) were classified as Category 6. Primary diseases consisted of ASO in 151 limbs, TAO in 14, and angiitis (collagen disease) in 26. Although there were no differences in the male-to-female ratio or age between the two groups, the proportion of Rutherford Category-6 patients was significantly higher in the non-revascularization group (P <0.01). With respect to concomitant diseases, the incidences of ischemic heart disease (P = 0.11), respiratory dysfunction (P = 0.07), and malignant tumors (P = 0.09) were higher in the nonrevascularization group, although there were no significant differences between the two groups.
The reasons why revascularization was not performed included heart hypofunction (ejection fraction (EF): 20% or less, unstable angina, immediately after myocardial infarction, or severe valvular disease) in 50 limbs (26%), high risks or unfavorable general conditions, such as respiratory dysfunction (0.5 L or less/second), bedridden states, dementia, and cancer-bearing conditions, in 69 (36%), extensive necrosis or infection in 39 (20%), technical issues, such as the absence of an artery appropriate for anastomosis or an autologous vein for grafting, in 29 (15%), relief after admission in 32 (17%), and patients' wishes in 12 (6%). In the non-revascularization group, conservative treatment alone was conducted in 122 limbs (64%), major amputation in 46 (24%) (amputation above the knee: 30 limbs, amputation below the knee: 16 limbs), minor amputation in 14 (7%), and lumbar sympathectomy in 9 (5%).
Of the 306 limbs treated by revascularization, revascularization at a site central to the inguinal region was performed in 44, revascularization up to the proximal popliteal artery in 57, revascularization up to the distal popliteal artery in 23, and revascularization up to the crural or pedal artery in 182. Of the above 44 limbs, revascularization in the aortic/iliac artery regions was conducted in 38 (bypass alone: 23 limbs, EVT alone: 12, and bypass + EVT: 3), and thromboendarterectomy (TEA) or profundaplasty of the femoral artery in 11. Of 80 limbs treated by bypass of the popliteal artery, revascularization in the aortic/iliac artery regions was performed in 30 (bypass alone: 14 limbs, EVT alone: 13, and bypass + EVT: 3) as simultaneous revascularization on the central side, and TEA/profundaplasty of the femoral artery in 16. Of 182 limbs treated by crural or paramalleolar bypass revascularization in the aortic/iliac artery regions was conducted in 20 (bypass alone: two limbs, EVT alone: 15, and bypass + EVT: 3) as simultaneous revascularization, TEA of the femoral artery in five, and bypass of the femoral/popliteal arteries in eight.
Of 260 patients (306 limbs) who underwent revascularization, two died within 30 days (early) after surgery (acute liver failure: 1, and non-occlusive intestinal necrosis: 1), and one died during admission (liver failure/pulmonary infarction). These patients had received dialysis. The other postoperative complications consisted of heart disease in four patients, arrhythmia in three, pneumonia in two, and cerebral infarction in one. In six patients (six limbs) with early graft failure and four (four limbs) in whom infection control was difficult despite graft patency, major amputation was performed early after surgery (Fig. 1) . Of 245 patients (291 limbs) in whom limb salvage could be achieved after revascularization, late graft failure (postoperative patency period: 21 months, range: 2 to 79 months) was confirmed in 28 (28 limbs). Of these, major amputation was performed in 13 (13 limbs). Of these, five had collagen disease, but this corresponded to 19% of all patients who underwent surgery for collagen disease-related angiitis. Of patients with graft patency, major amputation was conducted in 13 (13 limbs) due to the progression of ischemia or a difficulty in infection control (postoperative limb salvage period: 7 months, range: 1 to 22 months) (Fig. 2) . There were significant differences in the limb salvage rate (5 years: 83.5 vs. 55.8%, respectively, P <0.0001), survival rate (5 years: 64.4 vs. 56.3%, respectively, P = 0.001), and AFS (5 years: 57.7 vs. 36.0%, respectively, P <0.0001) between the revascularization and non-revascularization groups.
In the revascularization group, the patency rate with respect to primary diseases was examined only in patients who underwent distal bypass. The 3-year primary patency rates were 80.5% in patients with ASO and 38.9% in those with angiitis (P <0.0001). The 3-year secondary patency rates were 87.5 and 61.5%, respectively (P <0.001); the patency rates were significantly lower in those with angiitis. Although there were no significant differences in the survival rate or AFS among all patients with CLI, the 3-year limb savage rates were 90.0% in the patients with ASO and 67.2% in those with angiitis (P = 0.041) (Fig. 3) . The freedom from MALE + POD at three years were 78.0 and 40.8%, respectively (P <0.0001); these percentages were lower in those with angiitis.
Among the patients with ASO, the results were compared between those receiving dialysis (mean age: 64.6 years) and non-dialysis patients (mean age: 71.7 years). The 5-year survival rates were 60.1 and 62.6%, respectively (P = 0.506), showing no significant difference. However, the 5-year limb salvage rates were 73.6 and 94.4%, respectively (P <0.0001); the percentage was significantly lower in the former (Fig. 4) . Furthermore, the 5-year AFS Treatment for Critical Limb Ischmia was 54.3 and 61.4%, respectively (P = 0.049). The freedom from MALE + POD at five years were 57.1 and 82.9%, respectively (P <0.001); the prognosis of those receiving dialysis was significantly poorer. On the other hand, the patency rate was compared among ASO patients who underwent distal bypass. The 5-year primary patency rates in those receiving dialysis and non-dialysis patients were 66.8 and 78.5%, respectively (P = 0.379). The 5-year secondary patency rates were 72.1 and 90.2%, respectively (P = 0.091); the percentages were lower in the former, but there were no significant differences (Figs. 5 and 6 ). Proportional hazard analysis was performed using the age, sex, etiology, Rutherford classification, dialysis, smoking, hypertension, diabetes, ischemic heart disease, cerebrovascular disorder, anemia, and serum albumin level as independent risk factors involved in MALE + POD and AFS. Etiologies of angiitis (hazard ratio (HR): 5.10, 95% 
Discussion
CLI is a condition in which not only the limbs but also prognosis is affected. Therapeutic strategies differ from those for claudication. 3) To treat CLI, revascularization has been performed if possible. However, actually, it was not conducted in 38% of CLI patients. In patients with CLI, the proportions of elderly patients, those with a reduction in activities of daily living (ADL), and those with cardiovascular/respiratory disorders or kidney dysfunction are higher than in patients with claudication; revascularization is often impossible from the perspective of the general condition or risks. There are many cases in which either primary amputation or conservative treatment must be selected due to local or technical issues, such as the presence of extensive necrosis or infection and absence of an artery appropriate for bypass or venous graft, regardless of the general condition. When comparing background factors between the revascularization and non-revascularization groups, the proportion of Category-6 patients evaluated according to the Rutherford classification was significantly higher in the latter, suggesting the importance of treatment in the extended infectionor necrosis-free phase. The most frequent reason why revascularization was not performed was heart hypofunction. In the non-revascularization group, the incidences of ischemic heart disease, respiratory dysfunction, and malignant tumors were higher than in the revascularization group. Recently, strategies to minimize the invasiveness of treatment, such as bypass with nerve block anesthesia, have been devised, but there are still a specific number of patients in whom revascularization is difficult. It is necessary to carefully evaluate whether or not revascularization should be indicated, considering the general condition or prognosis. In the non-revascularization group, the proportion of patients with severe ischemia was significantly higher than in the revascularization group, and both the limb salvage and survival rates were significantly lower. The finding that major amputation reduces survival 4) supports this.
Etiological factors for CLI include ASO, Buerger's disease, and angiitis. With respect to primary diseases, the patency rate in patients with collagen disease-related angiitis was lower than in those with ASO, and the limb salvage and the freedom from MALE + POD were also lower. Of our series, the revascularization rates in patients with ASO and collagen disease-related angiitis were 64 and 50%, respectively. In most patients with angiitis, the targets of bypass, peripheral blood vessels, are absent. Even when revascularization is conducted, long-term results are unfavorable. 5) Dermal or subcutaneous arteriolar occlusion may also contribute to such results. For patients with Buerger's disease or angiitis, vascular regenerative treatment is being selected. [6] [7] [8] [9] [10] In the future, new hybrid therapy may be applied: revascularization for central lesions and vascular regenerative treatment for peripheral lesions.
We compared the results of treatment between dialysis and non-dialysis patients in the revascularization group consisting of patients with ASO. In the former, the limb salvage rate, the freedom from MALE + POD, and AFS were significantly lower than in the latter. However, there was no significant difference in the patency rate. In our study, the 5-year limb salvage and survival rates were 73.6 and 60.1%, respectively, in dialysis patients with ASO. According to previous studies, the incidence of perioperative complications related to revascularization was high in patients with end stage renal disease, 11) and the 5-year limb salvage rate after revascularization was 66.6%. 12) The 1-year limb salvage rate in the absence of gangrene was 74%, whereas that in its presence was 51%. 13) Furthermore, the 5-year survival rate in CLI patients with end stage renal disease is reportedly 23.0%; 12) the prognosis of patients receiving dialysis is poorer than in non-dialysis patients. However, in our study, there was no significant difference in the survival rate between the two groups. In our series, the mean age of patients receiving dialysis was 7 years younger than that of non-dialysis patients, and this may have contributed to the absence of a significant difference. CLI frequently develops in diabetics receiving dialysis. Concomitant diabetes becomes severe with protracted infection, promoting an increase in the area of tissue necrosis; therefore, it is important to perform revascularization before infection involves an extended area. 12,13) Of our series, major amputation was conducted due to protracted infection or an increase in the infected area in 6% of patients with graft patency. It is necessary to carefully achieve limb salvage by sufficient debridement before and after revascularization and postoperative foot care. Calcified lesions in patients receiving dialysis are difficult to manage during bypass/EVT. However, in our study, the patency rate in those receiving dialysis in whom bypass was possible was similar to that in non-dialysis patients; therefore, revascularization should be positively performed, considering postoperative topical infection control.
Recently, the extent of the lesion area as a criterion to recommend EVT as the first choice in the aortic/iliac artery and femoral/popliteal artery regions was increased in international guidelines for PAD treatment, the Trans Atlantic Inter-Society Consensus II (TASC-II). 3) In the BASIL trial, 14, 15) in which bypass was compared with EVT, there was no difference between the two procedures within 3 years after surgery, but the results for endpoints, such as AFS, in the EVT group reduced thereafter. Based on this, it was concluded that bypass should be recommended for patients with a life expectancy of 2 years or more. For CLI treatment, it is important to review risks/lesions and separately apply or combine the two procedures. If the usefulness of a drug-eluting balloon (DEB) is confirmed through its clinical application in comparison with a drug-eluting stent (DES) in the lower limb field in the future, EVT may be indicated for a larger number of patients to be treated by revascularization for CLI, further increasing the number of treatment options for CLI. In the future, it may become more important to establish a system to promote multidisciplinary treatment, involving foot care, in cooperation with the Department of Vascular Surgery and other departments.
Conclusion
It is important to treat CLI before the appearance of extensive necrosis or an increase in the infected area. In patients with CLI due to ASO, the results of revascularization are favorable, and revascularization, including bypass, should be positively performed, considering whether or not it should be indicated. In the future, EVT, which is more minimally invasive, may be indicated for a larger number of patients. Furthermore, a multidisciplinary treatment system for CLI should be established in cooperation with several departments or other health care professionals.
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